1. Introduction
===============

Dyslipidemia is a modifiable risk factor of cardiovascular disease, which is a leading cause of death worldwide.^\[[@R1]\]^ Dyslipidemia is also closely associated with obesity, type 2 diabetes mellitus, metabolic syndrome (MetS), and nonalcoholic fatty liver disease, all of which can cause serious public health issues worldwide.^\[[@R2]--[@R4]\]^ Over the past few decades, the prevalence of dyslipidemia has grown in most developing countries with the changes in lifestyle that have come with economic development.^\[[@R5]\]^

Uric acid is the final enzymatic product of purine metabolism. Increasing amounts of evidence have indicated that elevated serum uric acid (SUA) levels or hyperuricemia is significantly associated with dyslipidemia.^\[[@R6]\]^ However, the results of recent studies suggesting a possible association between SUA levels and dyslipidemia remain controversial. The umbrella term "dyslipidemia" covers several kinds of diseases, including hypercholesterolemia, hypertriglyceridemia, and low high-density lipoprotein cholesterolemia (low HDL-cholesterolemia). The relationship between SUA levels and each component of dyslipidemia is still not fully clear because some studies have found that SUA levels were significantly closely correlated with triglyceride (TG) but not high-density lipoprotein cholesterol (HDL-cholesterol).^\[[@R7]\]^ It is also not clear whether the relationship between SUA levels and dyslipidemia holds consistent across different genders, which merits consideration. One recent cohort study established a strong positive association between SUA levels and dyslipidemia in man but not in women participants.^\[[@R8]\]^ Therefore, it does merit further study to determine more about the association between SUA levels and dyslipidemia.

In this study, we first aimed to investigate the association of SUA levels with dyslipidemia and its components and to explore the age- and gender-specific association of SUA levels with dyslipidemia in a large sample of Chinese adults. We also reviewed recently published studies that assessed the association between SUA and dyslipidemia, and conducted a meta-analysis to confirm our findings.

2. Methods
==========

2.1. Study population
---------------------

This cross-sectional study was performed among adults who underwent their health examinations at Zhenhai Lianhua Hospital during 2013. The participants were excluded if they were taking antihypertensive agents or hypoglycemic agents or lipid-lowering agents, or antihyperuricemic agents. Participants with incomplete clinical data were also excluded. Finally, 8642 participants (5948 men and 2694 women) were enrolled in this study.

Ethical permission was obtained from the Ethic Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University (reference number: 2019--1502). Given the observational nature of the study, written consent was not required. Personal information was anonymized during data collection and analysis.

2.2. Data collection
--------------------

The survey consisted of health interview, physical measurements, and laboratory examination. The interview was performed to collect information on demographics (age, gender) and medical conditions. At the time of the examination, weight, height, waist circumference, and systolic and diastolic blood pressure were measured. Body mass index (BMI) was calculated as body weight in kilograms per height^\[[@R2]\]^ (m^2^).

Fasting blood samples were obtained from all participates after an overnight fast. SUA, TG, total low-density lipoprotein (LDL)- and HDL-cholesterol, apoA1, apoB, fasting blood glucose, alanine aminotransferase, aspartate aminotransferase, γ-glutamyl transpeptidase, bile acids, and creatinine were measured using an automatic biochemistry analyzer (Olympus, Kobe, Japan) with standard methods. Hemoglobin, platelets, and white blood cell counts were determined using a SYSMEX XT-1800 hematology autoanalyzer according to the manufacturer\'s instructions.

2.3. Diagnostic criteria and definitions
----------------------------------------

Dyslipidemia could be classified as hypercholesterolemia, hypertriglyceridemia, low HDL-cholesterolemia, or mixed hyperlipidemia, the last of which refers to combinations of 2 or more types of hyperlipidemia.^\[[@R9]\]^ Dyslipidemia was defined according to current lipids levels or use of anti-dyslipidemia medications in the past month. The cut-off values for hypercholesterolemia, hypertriglyceridemia, and low HDL-cholesterolemia were total cholesterol ≥6.22 mmol/L (≥ 240 mg/dL), triglyceride (TG) ≥ 2.26 mmol/L (≥ 200 mg/dL), and HDL-cholesterol ≤ 1.04 mmol/L (≤ 40 mg/dL), respectively.^\[[@R10]\]^ Hyperuricemia was defined as SUA level \> 420 μmol/L (\> 7.0 mg/dL) for men and \> 360 μmol/L (\> 6.0 mg/dL) for women.^\[[@R11]\]^ MetS was defined by the modified National Cholesterol Education Program Adult Treatment Panel III report. ^\[[@R12]\]^

2.4. Meta-analysis
------------------

We complied with the Preferred Reporting Items for Systematic Reviews and Meta-analyses protocols throughout the design, implementation, analysis, and reporting of our meta-analysis.^\[[@R13]\]^ This meta-analysis was conducted by combining the results of current study and those of previous studies on association between uric acids and dyslipidemia. PubMed, Web of Science, and EMBASE were searched for studies published as late as July 2019, using the following search terms: ("lipid" OR "triglyceride" OR "cholesterol" OR "dyslipidemia") AND ("uric acid" OR "hyperuricemia"). (Related meta references are listed in the supplementary section.) The included studies all examined the association of dyslipidemia or its components with the SUA level.

The exclusion criteria were as follows:

1.  Did not provide the data on odds ratio (OR) or HR with 95% confidence intervals (CIs) or provide the minimum information necessary to calculate these values,

2.  Literature reviews, and

3.  Editorials.

Two investigators (C.S.H., W.J.H.) independently extracted the data. Cases of disagreement were resolved by discussion with a third investigator. Information extracted from each article included the name of the first author, publication date, study location, study design, sample size, study population characteristics, covariates adjusted in the multivariable analysis, definition of dyslipidemia or its components, and OR (or HR) (95% CI) for comparison to the highest with lowest SUA level categories. *I*^2^ statistic and the Cochran *Q* tests were used to examine heterogeneity among the studies. A random effects model was used to synthesize the pooled OR in the presence (*P* \< .10) or absence (*P* \> .10) of heterogeneity. Potential publication bias was evaluated by Begg and Egger tests. The potential effect of publication bias was assessed by the Duval and Tweedie trim-and-fill method.

2.5. Statistical analysis
-------------------------

Statistical analyses were performed using SPSS 18.0 for Windows (SPSS, Chicago, IL). Continuous variables are here presented as mean and standard division and were compared using the Student *t* test. Categorical variables were compared using the *χ*^2^ test. Pearson correlation analysis was used to analysis the correlation between SUA and lipid profile. A quintile-based analysis was used by dividing SUA levels into quintiles, and the lowest quintile was set as reference. The cutoff levels of SUA quintiles were based on gender as follows. For males: quintile 1 (Q1) [\<]{.smallcaps} 278 μmol/L, 278 [≤]{.smallcaps} Q2 \< 315 μmol/L, 315 [≤]{.smallcaps} Q3 \< 347 μmol/L, 347 [≤]{.smallcaps} Q4 [\<]{.smallcaps} 391 μmol/L, and Q5 [≥]{.smallcaps} 391 μmol/L; for females: Q1 [\<]{.smallcaps} [200]{.smallcaps} μmol/L, 200 [≤]{.smallcaps} Q2 [\<]{.smallcaps} 228 μmol/L, 228 [≤]{.smallcaps} Q3 [\<]{.smallcaps} 256 μmol/L, 256 [≤]{.smallcaps} Q4 [\<]{.smallcaps} 294 μmol/L, and Q5 ≥ 294 μmol/L. We used multivariable logistic regression to analyze the factors associated with the likelihood of dyslipidemia or its components. We also used 3 models with increasing degree of adjustment. Model 1 was unadjusted, model 2 was adjusted for age, gender and BMI, and model 3 was further adjusted for potential confounders. Further subgroup analyses, which depended on age and gender, were performed to explore the possible factors that could affect the relationship between SUA levels and dyslipidemia. A 2-sided *P* \< .05 was considered significant.

3. Results
==========

3.1. Clinical characteristics of the participants
-------------------------------------------------

A total of 8642 participants (mean age 48.99 ± 15.09 years, 68.83% men) were enrolled in this study. All the participants were divided into quintiles according to their SUA levels, and their clinical characteristics were compared based on the SUA quintiles. We found that participants with higher SUA quintiles were older and had higher BMI, waist circumference, systolic and diastolic blood pressure, serum liver enzymes, TG, total- and LDL-cholesterol, apoB, fasting blood sugar, and creatinine levels but lower HDL-cholesterol levels (Table [1](#T1){ref-type="table"}). These results suggest a significant association between SUA levels and metabolic abnormalities.

###### 

Clinical characteristics of participants according to serum uric acid quintiles.
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3.2. Association of SUA levels with prevalence of dyslipidemia
--------------------------------------------------------------

Of 8642 participants enrolled, 799 met the diagnostic criteria for hyperuricemia, and 1766 met the diagnostic criteria for dyslipidemia. Of 1766 participants with dyslipidemia, 425 were hypertriglyceridemia, 779 were hypercholesterolemia, and 215 were low HDL-cholesterolemia, and 347 had mixed dyslipidemia. The prevalence of dyslipidemia was significantly higher in participants with hyperuricemia than those without hyperuricemia (Table [2](#T2){ref-type="table"}). We found that the prevalence of dyslipidemia was positively associated with SUA quintiles (Fig. [1](#F1){ref-type="fig"}). Furthermore, Pearson correlation analysis indicated that SUA was positively correlated with TG (*r* = 0.271, *P* \< .001), while SUA was negative correlated with HDL-c (*r* = -0.315, *P* \< 0.001). These results indicate a positive association between SUA levels and dyslipidemia and its components.
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Comparison of dyslipidemia prevalence between hyperuricemic and non-hyperuricemic participants.
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![Prevalence of dyslipidemia and its classification according to quintiles of serum uric acid levels. The participants were classified into quintiles according to their serum uric acid levels. For males: quintile 1 (Q1) \< 278 μmol/L, 278 ≤ Q2 \< 315 μmol/L, 315 ≤ Q3 \< 347 μmol/L, 347 ≤ Q4 \< 391 μmol/L, and Q5 ≥ 391 μmol/L; for females: Q1 \< 200 μmol/L, 200 ≤ Q2 \< 228 μmol/L, 228 ≤ Q3 \< 256 μmol/L, 256 ≤ Q4 \< 294 μmol/L, and Q5 ≥ 294 μmol/L. High TG = hypertriglyceridemia, High TC = hypercholesterolemia, Low HDLC = low high-density lipoprotein cholesterolemia, Mix = two or more combinations of hyperlipidemia. *P*-values for positive association between SUA levels and dyslipidemia and its classification are less than .001.](medi-99-e19088-g003){#F1}

3.3. Association of SUA levels with the likelihood of dyslipidemia
------------------------------------------------------------------

Both univariable and multivariable logistic regression analyses were performed to explore risk factors associated with dyslipidemia (Table [3](#T3){ref-type="table"}). In univariable analysis, SUA levels were significantly closely associated with the likelihood of dyslipidemia, the OR and 95% CI was 1.004 (1.004--1.005). In multivariable analysis, SUA levels remained significantly closely associated with the likelihood of dyslipidemia. We further analyzed the association of SUA quintiles with the likelihood of dyslipidemia. We found that SUA quintiles were linearly correlated with the likelihood for dyslipidemia (Table [4](#T4){ref-type="table"}). Compared with participants with SUA in the first quintile, the OR (95% CI) of dyslipidemia in the second, third, fourth, and fifth quintiles of SUA were 1.095 (0.901--1.332), 1.582 (1.315--1.904), 2.095 (1.752--2.505), and 3.212 (2.702--3.818), respectively. In models 2 and 3, the correlation was attenuated but remained significant after adjustment for other covariates. We also found that SUA quintiles were linearly correlated with the likelihood for the components of dyslipidemia (Table S1). These results suggest that participants with higher SUA levels had higher likelihood of dyslipidemia.
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Logistic regression analysis of dyslipidemia with anthropometric and biochemical variables.
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Odds ratios and 95% confidence intervals for dyslipidemia according to serum uric acid quintiles.
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3.4. Effect of age and gender on the association of SUA levels with dyslipidemia
--------------------------------------------------------------------------------

Subgroup analyses were conducted to determine whether the correlation between SUA levels and dyslipidemia was affected by gender. In these subgroup analyses, SUA quartiles were linearly associated with dyslipidemia in both sexes (Table S2). In addition, we further conducted subgroup analyses depend on age and gender. We found that in females aged \> 50 years and in males, SUA quintiles were linearly correlated with the likelihood of dyslipidemia (Table [5](#T5){ref-type="table"}). However, the association between SUA quintiles and the likelihood of dyslipidemia was not statistically significant in females aged [≤]{.smallcaps}50 years, after adjusting for related covariates in models 2 and 3 (Table [5](#T5){ref-type="table"}). These results indicate that the association between SUA levels and dyslipidemia is affected by age and gender.
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Odds ratios and 95% confidence intervals for dyslipidemia according to serum uric acid quintiles in different age and gender group.
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3.5. Meta-analysis
------------------

A total of 17 studies met the criteria for this meta-analysis. Of these, 5 studies (6 data points) investigated the association between dyslipidemia and SUA level, 12 studies (16 data points) investigated the association between hypertriglyceridemia and SUA level, and 10 studies (14 data points) investigated the association between low HDL-cholesterolemia and SUA level. The detailed steps of literature search are given in Figure S1, and the characteristics of the included studies are listed in Table S3. Fig. [2](#F2){ref-type="fig"} summarizes the association between uric acids and dyslipidemia or its components, based on the previously published studies and the current study. Higher uric acid level was significantly related to an increased likelihood of dyslipidemia and the pooled OR for the highest uric acid level vs the lowest uric acid level was 1.84 (95% CI: 1.49--2.28) (*I*^2^ = 74.9%, *P* \< .01). A higher uric acid level was significantly related with an increased likelihood of hypertriglyceridemia and the pooled OR for the highest uric acid level vs. the lowest uric acid level was 2.27 (95% CI: 1.86--2.77) (*I*^2^ = 84.6%, *P* \< .01). Higher uric acid levels were significantly closely related to an increased likelihood of low HDL-cholesterolemia, and the pooled OR for the highest uric acid level vs the lowest uric acid level was 1.39 (95% CI: 1.12--1.73) (*I*^2^ = 78.8%, *P* \< .01). We conducted a further sensitivity analysis, shown in Figure S2, and found that no matter which article we excluded, the results did not change.

![Meta-analysis of the association between serum uric acids and dyslipidemia, hypertriglyceridemia, and low HDL-cholesterolemia. (A) The association between serum uric acids and dyslipidemia; (B) the association between serum uric acids and hypertriglyceridemia; (C) the association between serum uric acids and low HDL-cholesterolemia. low HDL-cholesterolemia = low high-density lipoprotein cholesterolemia.](medi-99-e19088-g007){#F2}

The results of Egger and Begg tests gave no evidence of significant bias in the dyslipidemia studies and low HDL-cholesterolemia (Dyslipidemia: Egger tests, *P* = .758, Begg tests, *P* = 1.000; low HDL-cholesterolemia: Egger tests, *P* = .390, Begg tests, *P* = .621) (Figure S3). However, the Egger regression test (*P* = .005) suggested the possibility of publication bias in hypertriglyceridemia related studies. The existing publication bias was adjusted using the trim-and-fill method. These results suggested that six hypothetical negative, unpublished prospective studies generated an asymmetric funnel plot. To achieve symmetry, we incorporated these six hypothetical studies. The statistical significance of this relationship remained (pooled OR, 1.79; 95% CI, 1.46--2.18).

4. Discussion
=============

In the literature, the correlation between hyperuricemia and dyslipidemia remains uncertain. In this study, we conducted a large cross-sectional study and subsequent meta-analysis to clarify the relationship between SUA levels and dyslipidemia. We found that SUA levels were significantly closely associated with dyslipidemia and its components. We also expanded upon previous findings that SUA levels was not significantly associated with dyslipidemia in females age [≤]{.smallcaps}50 years. These results suggested that age and gender may affect the relationship between SUA levels and dyslipidemia.

Many studies have confirmed that not all components of dyslipidemia are associated with SUA levels, especially HDL-cholesterol. For example, recent studies conducted in humans of different races described a significant association between SUA levels and TG but no association with HDL-cholesterol.^\[[@R14],[@R15]\]^ In addition, inconsistent opinions also have been published that uric acid is related positively to HDL-cholesterol.^\[[@R16]\]^ However, despite mixed results across other studies, our study showed a positive association with each component of dyslipidemia, including hypertriglyceridemia, hypercholesterolemia and low HDL-cholesterolemia. Our results are also consistent with some prospective studies that established that high SUA levels increase the likelihood of dyslipidemia, ^\[[@R17]\]^ and this is independently associated with an increased likelihood of development of MetS.^\[[@R18]\]^ These results also indicated that uric acid might contribute to the development of dyslipidemia. Uric acid has been widely recognized as a risk factor for the development of various cardiovascular diseases (CVDs), such as hypertension ^\[[@R19]\]^ and coronary heart disease.^\[[@R8]\]^ Some clinical studies also suggested that treating of hyperuricemia have a positive effect on outcomes in CVDs.^\[[@R20]\]^ It is widely accepted that dyslipidemia and CVDs cause and affect each other. Therefore, diet control and management of uric acid level might be advisable in patients with hyperuricemia so that those at an increased likelihood of developing dyslipidemia and further CVDs. This could be used to identify patients who might benefit from precautions to reduce the likelihood of diseases.

In terms of the gender differences, most studies have suggested that the association between SUA and dyslipidemia is not present in female humans.^\[[@R8]\]^ However, in our study, we observed such an association in both male and female participants. When we divided the female participants into 2 groups by the age of 50, which is considered menopausal age for the majority of Asian women, ^\[[@R21]\]^ the association between SUA levels and dyslipidemia was present among post-menopausal but not pre-menopausal women. Similar results were also reported by Techatraisak et al in post-menopausal Thai women.^\[[@R22]\]^ Thus, the inconsistency among previous studies might be attributable to menopausal status. Several epidemiological studies have reported that SUA levels are higher in men than in women,^\[[@R23]\]^ and the levels increased after menopause.^\[[@R24]\]^ It has been reported that estrogen plays a role in renal clearance, secretion, and reabsorption, so affecting SUA levels.^\[[@R24]\]^ Estrogen in pre-menopausal women enhances uric acid excretion and causes a greater renal clearance of uric acid. ^\[[@R25]\]^ Therefore, it is very likely that endogenous estrogen may be the cause of the lack of any relationship between SUA levels and dyslipidemia in pre-menopausal women. Further studies are needed to clarify the mechanism for this phenomenon.

The present work has several limitations. First, our cross-sectional study could not establish any causal relationship between SUA levels and dyslipidemia. Second, a selection bias could be introduced, for the study participants volunteered for the health examination. Third, parameters of lifestyle factors such as diet and physical activity were not included in the questionnaire, which may affect the SUA levels. Fourth, the relationship between uric acid and fractions of cholesterol is very complex, and our study examined only the relationship between uric acid and lipid profiles as a variable to variable relationship. Further studies are necessary for a deeper explanation and to clarify these issues.

5. Conclusions
==============

In conclusion, we found that elevated SUA levels were significantly related to dyslipidemia and its components, and we provided evidence for the first time that this relationship is affected by age and gender.
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